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[57] ABSTRACT 
A data processing circuit multiplies, by 2“, input data 
supplied in a time-division multiplexed manner over a 
plurality of lines. The data processing circuit includes 
?rst, second, and third data selectors each having ?rst, 
second, and third input terminals and a single output 
terminal. The ?rst input terminal of the ?rst selector is 
supplied with an input signal of “0”. A ?rst input line is 
connected in common to the second input terminal of 
the ?rst data selector and the ?rst input terminal of the 
second data selector. A second input line is connected in 
common to the third input terminal of the ?rst data 
selector and the second input terminal of the second 
data selector. A third input line is connected in common 
to the third input terminal of the second data selector 
and the second input terminal of the third data selector. 
The ?rst, second, and third input lines are supplied 
input data in a time-division multiplexed manner. Each 
of the ?rst, second, and third data selectors selects one 
of the input data supplied to the ?rst, second, and third 
input terminals and outputs the selected data through 
the output terminal. 

11 Claims, 12 Drawing Sheets 
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SYSTEM FOR MULTIPLYING DIGITAL INPUT 
DATA IN A MULTIPLIER CIRCUIT 

A system for multiplying digital input data in a multi 
plier circuit. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a data processing 

circuit for multiplying, by 2“, input data supplied in a 
time-division multiplexed manner over a plurality of 
lines, for example. 

2. Description of the Prior Art 
Digital data processing circuits make a wide use of 

multipliers. To reduce the size of a digital data process 
ing circuit, it is therefore required to reduce the size of 
the multipliers used because they are larger in circuit 
scale than adders. 
FIG. 1 of the accompanying drawings shows a con 

ventional multiplier. The multiplier shown in FIG. 1 
comprises a plurality of connected adder circuits 1A, 
1B, . . . each composed of a plurality of full adders. 
The conventional multiplier is however large in over 

all circuit scale as it is simply made of plural connected 
adder circuits each comprising a plurality of full adders. 
According to one proposal, a multiplier may com 

prise a combination of a processing circuit for multiply 
ing each item of input data by 2a (a: . . . , —2, — l, 0, 
l, 2, . . . ) and adder circuits. The input data may be 
transmitted in a time-division multiplexed manner over 
a plurality of lines to the multiplier. 
Some systems for transmitting input data in a time 

division multiplexed fashion will be described below 
with reference to FIGS. 2A, 2B, and 2C. 

In the system shown in FIG. 2A, data rows A, B, C, 
. . . each having a word length of 3 bits are successively 
transmitted over a single signal line. More speci?cally, 
if it is assumed that the 3-bit data rows A, B, C, . . . are 

indicated by A=(A2, A1, A0), B=(B2, B1, B0), 
C=(C2, C1, C0), . . . , respectively, then the data are 
successively transmitted in the sequence of A0, A1, A2, 
B0, B1, 2B2, C0, . . . one bit in a cycle over the signal 
line. 

In the system shown in FIG. 2B, data rows A, B, C, 
. . . each having a word length of 6 bits are transmitted 
as'data of high-order 3 bits and low-order 3 bits over 
two signal lines. More speci?cally, if it is assumed that 
the 6-bit data rows A, B, C, . . . are indicated by A= 

(A5, A4, A3, A2, A1, A0), B=(B5, B4, B3, B2, B1, B0), 
C=(C5, C4, C3, C2, C1, C0), . . . , respectively, then the 
data are successively transmitted in the sequence of A0, 
A1, A2, B0, B1, B2, C0, . . . one bit in a cycle over the 
?rst signal line, and in the sequence of A3, A4, A5, B3, 
B4,‘ B5, C3, . . . one bit in a cycle over the second signal 
line with a delay of 3 cycles with respect to the ?rst 
signal line. 

In the system shown in FIG. 2C, data rows A, B, C, 
. . . each having a word length of 9 bits are transmitted 
as data of high-order 3 bits, middle-order 3 bits, and 
low-order 3 bits over three signal lines. More speci? 
cally, if it is assumed that the 9-bit data A are indicated 
by A=(A8, . . . , A1, A0), then the low-order bits (A0, 
A1, A2) are transmitted over the first signal line, the 
middle-order bits (A3, A4, A5) are transmitted over the 
second signal line with a delay of 3 cycles, and the 
high-order bits (A6, A7, A8) are transmitted over the 
third signal line with a further delay of 3 cycles. If it is 
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2 
assumed that the 9-bit data B are indicated by B=(B8, . 
. . , B1, B0), then the bits (Bj, Bj+ l, Bj+2) of the data 
B are transmitted, following the bits (Aj, Aj+ l, Aj +2) 
of the data A, over the signal lines. The bits of the data 
C are thereafter transmitted following the data B. 
According to a generalization of the data transmis 

sion systems shown in FIGS. 2A, 2B, and 2C, data rows 
A, B, C, . . . each having a word length of n (n is a 
multiple of 3) can be transmitted in a time-division mul 
tiplexed fashion over n/3 signal lines. The data struc 
ture of the data rows is expressed by the following 
equations (1): 

(1) 

where An-l, Bn-l, Cn-l are MSBs and A0, B0, C0 are 
LSBs. 
The data rows according to the equations (1) can also 

be transmitted in a time-division multiplexed manner 
over 2 X n/ 6 signal lines, as shown in FIGS. 3A, 3B, and 
3C. FIG. 3A shows a data transmission system in which 
data rows A, B, C, . . . each having a word length of 6 
bits are transmitted over two signal lines. FIG. 3B 
shows a data transmission system in which data rows A, 
B, C, . . . each having a word length of 12 bits are trans 
mitted over four signal lines. FIG. 3C shows a data 
transmission system in which data rows A, B, C, . . . 
each having a word length of 18 bits are transmitted 
over six signal lines. Furthermore, data rows A, B, C, . 
. . each having a word length of n (n is a multiple of 4) 
can be transmitted in a time-division multiplexed fash 
ion over n/4 signal lines. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is an object of the present invention to provide a 
data processing circuit for multiplying input data by 2” 
in a system which is supplied with the input data in a 
time-division multiplexed fashion over a plurality of 
signal lines. 
According to the present invention, there is provided 

a data processing circuit comprising a ?rst selector 
having a ?rst input terminal, a second input terminal, a 
third input terminal, and a single output terminal, the 
?rst input terminal being receptive of a low-level signal, 
a second data selector having a ?rst input terminal, a 
second input terminal, a third input terminal, and a 
single output terminal, a third data selector having a 
?rst input terminal, a second input terminal, a third 
input terminal, and a single output terminal, the third 
input terminal being receptive of a low-level signal, a 
?rst input line connected in common to the second 
input terminal of the ?rst data selector and the ?rst 
input terminal of the second selector, a second input line 
connected in common to the third input terminal of the 
?rst data selector and the second input terminal of the 
second data selector, and a third input line connected in 
common to the third input terminal of the second data 
selector and the second input terminal of the third selec 
tor, wherein the ?rst, second, and third input lines are 
supplied input data in a time-division multiplexed man 
ner, and each of the ?rst, second, and third data selec 
tors selects one of the input data supplied to the ?rst, 
second, and third input terminals and outputs the se 
lected data through the output terminal. 
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According to the present invention, there is also pro 
vided a data processing circuit comprising a ?rst data 
selector having a ?rst input terminal, a second input 
terminal, a third input terminal, and a single output 
terminal; the ?rst input terminal being receptive of a 
low-level signal, a second data selector having a ?rst 
input terminal, a second input terminal, a third input 
terminal, and a single output terminal, a third data selec 
tor having a ?rst input terminal, a second input termi 
nal, a third input terminal, and a single output terminal, 
a ?rst input line connected in common to the second 
input terminal of the ?rst data selector and the ?rst 
input terminal of the second selector, a second input line 
connected in common to the third input terminal of the 
?rst data selector and the second input terminal of the 
second data selector, a third input line connected in 
common to the third input terminal of the second data 
selector and the second input terminal of the third selec 
tor, and a register connected between the output termi 
nal and the third input terminal of the third data selec 
tor, wherein the ?rst, second, and third input lines are 
supplied input data in a time-division multiplexed man 
ner, and each of the ?rst, second, and third data selec 
tors selects one of the input data supplied to the ?rst, 
second, and third input terminals and outputs the se 
lected data through the output terminal. 
When the input data supplied to the ?rst input termi 

nals of the ?rst, second, and third data selectors are 
selected and outputted, for example, the input data are 
multiplied by 2. When the input data supplied to the 
third input terminals of the ?rst, second, and third data 
selectors are selected and outputted, for example, the 
input data are multiplied by §. The data processing 
circuit which operates in this manner is capable of mul 
tiplying, by 2'1 (a is an integer), the input data that are 
supplied in a time-division multiplexed manner. 
Data processing circuits of the above structure and 

adder circuits may be combined into a multiplier of a 
relatively small circuit scale. 
The above and other objects, features, and advan 

tages of the present invention will become apparent 
from the following description of illustrative embodi 
ments thereof to be read in conjunction with the accom 
panying drawings, in which like reference numerals 
represent the same or similar objects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a conventional multi 
plier; 
FIGS. 2A, 2B, and 2C are timing charts showing data 

transmission systems for transmitting data in a time 
division multiplexed manner; 
FIGS. 3A, 3B, and 3C are timing charts showing 

other data transmission systems for transmitting data in 
a time-division multiplexed manner; 
FIG. 4 is a block diagram of a multiplier to which the 

present invention is applied; 
FIG. 5 is a circuit diagram of a data processing circuit 

according to an embodiment of the present invention, 
for use in the multiplier shown in FIG. 4; 
FIGS. 6A through 61 are timing charts illustrative of 

a mode of operation of the data processing circuit 
shown in FIG. 5 for multiplying input data by 2; 
FIGS. 7A through 71 are timing charts illustrative of 

a mode of operation of the data processing circuit 
shown in FIG. 5 for multiplying input data by 4; 

20 

25 

45 

50 

65 

4 
FIGS. 8A through 81 are timing charts illustrative of 

a mode of operation of the data processing circuit 
shown in FIG. 5 for multiplying input data by §; 
FIG. 9 is a circuit diagram of a data processing circuit 

according to another embodiment of the present inven 
tron; 
FIGS. 10A through 101 are timing charts illustrative 

of a mode of operation of the data processing circuit 
shown in FIG. 9 for multiplying input data by %; 
FIG. 11 is a block diagram of an integer multiplier; 
FIG. 12 is a block diagram of a 3-tap FIR ?lter incor 

poratin g a data processing circuit according to the pres 
ent invention; and 
FIG. 13 is a block diagram of another 3-tap FIR ?lter 

incorporating a data processing circuit according to the 
present invention. 

DETAILED DESCRIPTIQN OF THE 
PREFERRED EMBODIMENTS 

A data processing circuit according to an embodi 
ment of the present invention will be described below 
with reference to FIGS. 4 through 8A-8I. 
FIG. 4 shows a multiplier to which the present inven 

tion is applied. As shown in FIG. 1, the multiplier com 
prises adder circuits 2A, 2B, . . . , a data processing 

circuit 3 for multiplying input data by 2'7 (a is an inte 
ger), and a data processing circuit 4 for multiplying 
input data by 2'’ (b is an integer). The adder circuit 2A 
adds data supplied thereto and data supplied through 
the data processing circuit 3. The sum data is supplied 
to the adder circuit 2B, which adds the supplied data 
and data supplied through the data processing circuit 4. 
The sum data from the adder circuit 2B is supplied to a 
next adder circuit (not shown). Generally, when data 
having a word length of 11 bits is supplied to an adder 
circuit over kn/l signal lines, the adder circuit may be 
composed of n/l kbit adders, n/l registers, and n/l 
2-input data selectors. 
FIG. 5 shows, by way of example, of a circuit ar 

rangement of the data processing circuit 3 for multiply 
ing input data having a word length of 9 bits by 2“ in the 
multiplier shown in FIG. 4. The data processing circuit 
comprises ?rst, second, and third 3-input, l-output se 
lectors 5, 6, 7. The ?rst data selector 5 has a ?rst input 
terminal supplied with a signal of a low level “0”. The 
first data selector 5 has a second input terminal con 
nected to a ?rst input line I0, to which there is also 
connected a ?rst input terminal of the second data selec 
tor 6. The ?rst data selector 5 has a third input terminal 
connected to a second input line I1, to which there are 
also connected a second input terminal of the second 
data selector 6 and a ?rst input terminal of the third data 
selector 7. The second data selector 6 has a third input 
terminal connected to a third input line 12, to which 
there is also connected a second input terminal of the 
third data selector 7. The third data selector 7 has a 
third input terminal supplied with a signal of a low level 
“0”. The data selectors 5, 6, 7 have respective output 
terminals connected to output lines 00, O1, O2, respec 
tively. 
A mode of operation of the data processing circuit 

shown in FIG. 5 for multiplying input data by 2 (a=1) 
will be described below with reference to FIGS. 6A 
through 61. Input data supplied to the data processing 
circuit have a word length of 9 bits, and output data 
transmitted from the data processing circuit also have a 
word length of 9 bits. 
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A series of data A, B, C, D, E each having a word 
length of 9 bits are supplied to the data processing cir 
cuit over the input lines I0, I1, 12, the data being ex 
pressed as follows: 

where A8, B8, C8, D8, B8 are MSBs and A0, B0, C0, 
D0, B0 are LSBs. 
These data A~E are supplied in a time-division mul 

tiplexed manner in 21 cycles over the input lines I0~I2. 
With a: l, the output data are equal to the result of the 
multiplication of the input data by 2. Since the multipli 
cation of the input data by 2 is equivalent to the shifting 
of the input data by 1 bit to higher bit positions, the 9-bit 
output data corresponding to the input data A~E are 

The MSBs of the input data, which are a carry to the 
10th bit, are ignored. 
These output data 2A~2E are outputted in a time 

division multiplexed manner in 20 cycles over the out 
put lines 00~O2, as shown in FIGS. 6D through 6F. 

Speci?cally, in the 3rd, 6th, 9th, 12th, 15th, . . . cycles, 
the data selectors 5~7 are switched over by external 
control signals to output the signal of “0”, the signal 
from the input line 10, and the signal from the input line 
11 respectively to the output lines 00, O1, 02. In the 
other cycles, the signals from the input lines I0, 11, I2 
are outputted directly to the output lines 00, O1, 02, 
respectively. 
As shown in FIGS. 66 through 61, the data having a 

word length of 9 bits which are composed of the data in 
the 6th~8th cycles on the output line 00, the data in 
the 9th~ 11th cycles on the output line 01, and the data 
in the 12th ~ 14th cycles on the output line 02 are repre 
sented by: 

which is equal to 2XC. 
Likewise, the data 2XA, ZXB, 2><D, 2><E are pro 

duced by extracting data from certain output lines in 
certain nine cycles. Since the output data are outputted 
one cycle earlier than the input data, it is necessary to 
delay the output data with a register so that the output 
data are in accurately timed relationship to the input 
data. 
A mode of operation of the data processing circuit 

shown in FIG. 5 for multiplying input data by 4 (a=2) 
will be described below with reference to FIGS. 7A 
through 71. As shown in FIGS. 7A through 7C, data 
A~E each having a word length of 9 bits are supplied 
to the data processing circuit over the input lines I0, 11, 
12. As shown in FIGS. 7D through 7F, output data 
produced by multiplying the input data by 4 are output 
ted over the output lines 00~O2. 

Speci?cally, in the 2nd, 5th, 8th, 11th, 14th, . . . and in 
the 3rd, 6th, 9th, 12th, 15th, . . . cycles, the data selec 
tors 5~7 are switched over by external control signals 
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6 
to output the signal of “0”, the signal from the input line 
I0, and the signal from the input line 11 respectively to 
the output lines 00, O1, 02. In the other cycles, the 
signals from the input lines I0, I1, I2 are outputted di 
rectly to the output lines 00, O1, 02, respectively. 
As shown in FIGS. 7G through 71, the data having a 

word length of 9 bits which are composed of the data in 
the 5th~7th cycles on the output line 00, the data in 
the 8th~ 10th cycles on the output line 01, and the data 
in the l 1th~ 13th cycles on the output line 02 are repre 
sented by: 

(C6, C5, . . . , C0, 0, 0) 

which is equal to 4XC. 
Likewise, the data 4><A, 4X B, 4X D, 4XE are pro 

duced by extracting data from certain output lines in 
certain nine cycles. 
A mode of operation of the data processing circuit 

shown in FIG. 5 for multiplying input data by £(a= —- 1) 
will be described below with reference to FIGS. 8A 
through 81. As shown in FIGS. 8A through 8C, data 
A~E each having a word length of 9 bits are supplied 
to the data processing circuit over the input lines I0, I1, 
12. As shown in FIGS. 8D through 8F, output data 
produced by multiplying the input data by l are output 
ted over the output lines 00~O2. 

Speci?cally, in the 4th, 7th, 10th, 13th, . . . cycles, the 
data selectors 5~7 are switched over by external con 
trol signals to output the signal from the input line 11, 
the signal from the input line I2, and the signal of “0”, 
respectively to the output lines 00, O1, 02. In the other 
cycles, the signals from the input lines 10, I1, I2 are 
outputted directly to the output lines 00, O1, 02, re 
spectively. 
As shown in FIGS. 8G through 81, the data having a 

word length of 9 bits which are composed of the data in 
the 8th~ 10th cycles on the output line 00, the data in 
the l1th~13th cycles on the output line 01, and the 
data in the 14th~ 16th cycles on the output line 02 are 
represented‘ by: 

(0, (3, C7, . . . , C2, C1) 

which is equal to (QXC. 
Likewise, the data (Q) X A, (a) X B, (2X D, (é) X E are 

produced by extracting data from certain output lines in 
certain nine cycles. Since the word length of 9 bits is 
multiplied by Q, the bit C0 is dropped, providing a word 
length of 8 bits Then, “0” is added as an MSB to the 
8-bit data, thus outputting data having a word length of 
9 bits. 

If the input data, which are expressed as two’s com 
plements, are to be multiplied by g, k, or the like, it is 
necessary to copy an MSB as a sign bit to the high-order 
bit. For example, when the input data: 

(A8, A7, A6, . . . , A1, A0) 

are multiplied by Q, the result is: 

(A8, A8, A7, . . . , A2, A1), 

and when multiplied by l, the result is: 

(A8, A8, A8, A7, . . . , A2). 
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To copy a sign bit, a circuit arrangement as shown in 
FIG. 9 is employed. 
FIG. 9 shows a data processing circuit according to 

another embodiment of the present invention, for multi 
plying input data expressed as two’s complements by 2“. 
The data processing circuit shown in FIG. 9 differs 
from the data processing circuit shown in FIG. 5 in that 
a register 8 is connected between the output terminal of 
the third data selector 7 and the third input terminal of 
the third data selector 7. The other details of the data 
processing circuit shown in FIG. 9 are identical to those 
of the data processing circuit shown in FIG. 5. The 
register 8 allows a sign bit to be easily copied. 
A mode of operation of the data processing circuit 

shown in FIG. 9 for multiplying input data by 3 
(a: — 1) will be described below with reference to 
FIGS. 10A through 101. As shown in FIGS. 10A 
through 10C, data A~E each having a word length of 
9 bits are supplied to the data processing circuit over the 
input lines I0, I1, I2. As shown in FIGS. 10D through 
10F, output data produced by multiplying the input 
data by % are outputted over the output lines O0~O2. 

Speci?cally, in the 4th, 7th, 10th, 13th, cycles, the 
data selectors 5~7 are switched over by external con 
trol signals to output the signal from the input line I1, 
the signal from the input line I2, and the signal from the 
register 8, respectively to the output lines 00, O1, 02. 
In the other cycles, the signals from the input lines I0, 
I1, I2 are outputted directly to the output lines 00, O1, 
02, respectively. 
As shown in FIGS. 10G through 101, the data having 

a word length of 9 bits which are composed of the data 
in the 8th~ 10th cycles on the output line 00, the data 
in the llth~ 13th cycles on the output line 01, and the 
data in the l4th~ 16th cycles on the output line 02 are 
represented by: 

which is equal to the two’s complement of (§)><C. 
Likewise, the two’s complements of the data (BXA, 

(g) X B, (Q) X D, (5) X E are produced by extracting data 
from certain output lines in certain nine cycles. 
An FIR ?lter comprising the image data processing 

circuit for multiplying input data by 2“ as shown in FIG. 
5 or 9 and adding/subtracting circuits will be described 
below. The FIR ?lter is a 3-tap FIR ?lter utilizing the 
3rd-order Booth algorithm. 

Input data are represented as a function of time t by 
IN(t). To determine convolutions of the input data IN(t) 
and three coef?cients X, Y, Z, respectively, these three 
coef?cients are expressed as two’s complements of 9 
bits. For example, if the coef?cient X is expressed by 
elements (X8, X7, . . . , X1, X0), the value of the coef?ci 
ent X (the value is also expressed by X) can be modi?ed 
as follows: 

(3) 
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Since Xi=0 or 1 (i=0, 1, . . . , 8), the value of x6, x3, x0 
is either 0, i1, i2, :3, or :4. Therefore, the product 
of the input data IN(t) and the coef?cient X is expressed 
by: 

XJN(t)=x6-1N(t)-26+x3-IN(t)-23+x0~IN(t) . . . (4). 

In the equation (4), the value of x6, , x3, x0 is either 0, 
i1, -_'-2, 13, or i4. Consequently, if 

0, IN(t) , 2IN(t) , 3IN(t) , or 4IN(t) 

has already been determined, then the data correspond 
ing to the value of x6, x3, or x0 is selected therefrom, 
and multiplied by 26 (i.e., shifted by 6 bits), 23 (i.e., 
shifted by 3 bits), and by l. The results are further added 
and subtracted to determine the result of the equation 
(4). A multiplier for resolving the coef?cient X into 
terms of 3 bits thereby to reduce the number of addi 
tions and subtractions is referred to as a multiplier utiliz 
ing the'3rd-order Booth algorithm. 
The above modi?cation of the equation (3) is also 

applied to the coef?cients Y and Z. The ?nal output of 
the ?lter is represented as follows: 

(5) 
Output 

In the equation (5), the value of x6, x3, x0, y6, y3, y0, 
26, , 23, 20 is either 0, :1, 1:2, :3, or :L-4. Conse 
quently, the ?nal output can be determined when the 
nine data of x6-IN(t), etc. are determined in advance and 
are added and subtracted. 
An integer multiplier for use in such an FIR ?lter will 

be described below with reference to FIG. 11. As 
shown in FIG. 11, the integer multiplier outputs data of 
“0” directly as being multiplied by 0, and also outputs 
input data directly as being multiplied by l. The integer 
multiplier includes a doubler 9 and a register 10 for 
producing output data which is a multiple of the input 
data by 2. The integer multiplier includes an adder 11 
for adding the multiplied-by-l output data and the mul 
tiplied~by-2 output data into output data which is a 
multiple of the input data by 3. The integer multiplier 
also includes a doubler 12 and a register 13 for produc 
ing output data which is a multiple of the input data by 
4. The integer multiplier shown in FIG. 11 can there 
fore produce output data which are multiples of the 
input data IN(t) by 0, 1, 2, 3, and 4, respectively. 

In the circuit arrangement shown in FIG. 11 and also 
circuit arrangements shown in FIGS. 12 and 13, a plu 
rality of wires are indicated by a single bus line. 

In the integer multiplier shown in FIG. 11, each of 
the doublets 9, 12 may comprise the circuit shown in 
FIG. 5 (in the case where a= 1). In such a case, the 
output data are outputted one cycle earlier than the 
input data as described above with reference to FIGS. 
6A through 61. The registers 10, 13 connected to the 
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respective output terminals of the doublers 9, 12 are 
effective to delay the output data by one cycle into 
timed relationship with the input data. 
FIG. 12 shows a 3-tap FIR ?lter including an integer 

multiplier 14 which is of the circuit arrangement shown 
in FIG. 11. The integer multiplier 14 is supplied with 
input data IN(t), and outputs data having values of 0, 
IN(t), 2IN(t), 3IN(t), and 4IN(t). 
The FIR ?lter also includes a processing unit 15A 

having a ?rst S-input data selector 16 whose input ter 
minals are supplied with the ?ve output data multiplied 
by integers from the integer multiplier 14. The process 
ing unit 15A also includes a data processing circuit 17 
for multiplying input data by 26, the data processing 
circuit 17 being of the circuit arrangement shown in 
FIG. 5. The output data from the data selector 16 is 
supplied to one input terminal of an adder/subtractor 19 
through the data'processing circuit 17 and a delay cir 
cuit 18 that comprises six cascaded registers. The other 
input terminal of the adder/subtractor 19 is supplied 
with data of “0” from an external source. 
The processing unit 15A also includes a second 5 

input data selector 20 whose input terminals are sup 
plied with the ?ve output data multiplied by integers 
from the integer multiplier 14. The processing unit 15A 
further includes a data processing circuit 21 for multi 
plying input data by 23, the data processing circuit 21 
being of the circuit arrangement shown in FIG. 5. The 
output data from the data selector 20 is supplied to one 
input terminal of an adder/subtractor 23 through the 
data processing circuit 21 and a delay circuit 22 that 
comprises three cascaded registers. The other input 
terminal of the adder/subtractor 23 is supplied with the 
output data from the adder/subtractor 19. The process 
ing unit 15A has a third S-input data selector 24 whose 
input terminals are supplied with the ?ve output data 
multiplied by integers from the integer multiplier 14. 
The output data from the data selector 24 is supplied to 
one input terminal of an adder/subtractor 25. The other 
input terminal of the adder/subtractor 25 is supplied 
with the output data from the adder/subtractor 23. The 
output data from the adder/subtractor 23 serves as the 
output data from the processing unit 15A. 
The FIR ?lter shown in FIG. 12 also includes pro 

cessing units 15B, 15C each identical in structure to the 
processing unit 15A. However, the data selectors 16, 20, 
24 select different input data in these processing units 
15A, 15B, 15C. The FIR ?lter further includes a delay 
circuit 26 for delaying the ?ve output data from the 
integer multiplier 14 by three clock pulses, and a delay 
circuit 27 for delaying the ?ve output data from the 
delay circuit 26 by three clock pulses. The ?ve output 
data from the delay circuit 26 are supplied to the pro 
cessing unit 15B, and the ?ve output data from the delay 
circuit 27 are supplied to the processing circuit 15C. 
The output data from the initial processing unit 15A is 
supplied to the intermediate processing unit 15B, and 
the output data from the intermediate processing unit 
15B is supplied to the ?nal processing unit 15C. The 
output data from the ?nal processing unit ISO is sup 
plied to a delay circuit 28 comprising three cascaded 
registers. The delay circuit 28 produces output data that 
serves as the ?nal output data of the FIR ?lter. 
The data processing circuit 17 is of the circuit ar 

rangement shown in FIG. 5 where a=6. In the case 
where a=6, the output data of the data processing cir 
cuit 17 are outputted six cycles earlier than the input 
data, and the register 18 delays the output data into 
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10 
timed relationship with the input data. Similarly, since 
the output data from the data processing circuit 20 are 
three cycles earlier than the input data, the register 22 
delays the output data into timed relationship with the 
input data. 
The FIR ?lter shown in FIG. 12 operates as follows: 

Depending on the values of [z6|, |z3|, |zO| in the 
equation (5), the data selectors 16, 20, 24 in the initial 
processing unit 15A are controlled by external control 
signals to supply the adder/subtractors 19, 23, 25 with 
|z6|'IN(t+2)-26, |z3|-IN(t+2)-23, |zO| ~IN(t+2), re 
spectively. Furthermore, depending on the sign of 26, 
Z3, 20, the adder/subtractors 19, 23, 25 are controlled to 
add or subtract the supplied data according to the fol 
lowing equation (6): 

Z-IN(t+2)=z6-IN(t+2)-26+z3-1N(t+2)-23+z 
O-IN(1+2). . . (6) 

The delay circuit 26 causes a delay of three cycles in 
the supplied data. As can be seen from the timing charts 
of FIGS. 2A through 2C, the data delayed by three 
cycles is equal to the data that precedes it by one data 
item. In the intermediate processing unit 15B, depend 
ing on the value of the coef?cients y6, y3, y0 in the 
equation (5), the three ?ve-input data selectors and the 
three adder/subtractors are controlled to calculate 
Y-IN(t+ l) as follows: 

(7) 

The calculated data Y-IN(t+l) is added to the data 
Z-IN(t+2) from the previous processing unit 15A. 

Likewise, the ?nal processing unit 15C calculates 
X-IN(t) according to the equation (4), and the calcu 
lated data X-IN(t) is added to the data Z-IN(t+2 
)+Y-IN(T+ 1) supplied from the intermediate process 
ing unit 15B. Therefore, the output data represented by 
the equation (5) is ?nally produced. The circuit arrange 
ment shown in FIG. 12 has a total of nine adder/sub 
tractors connected in series. Therefore, if it is assumed 
that the processing time of one adder/subtractor is rep 
resented by T, the total processing time is indicated by 
9T. 
FIG. 13 shows another 3-tap FIR ?lter which is 

equivalent to, but faster than, the FIR ?lter shown in 
FIG. 12. 

In the circuit arrangement shown in FIG. 13, ?ve 
output data from the integer multiplier 14 are supplied 
through registers 29, 30 to a processing unit 31A. In the 
processing unit 31A, the ?ve output data from the regis 
ter 30 are supplied to a S-input data selector 32, which 
supplies its output data through a data processing cir 
cuit 33 for multiplying input data by 26 to an input ter 
minal of an adder/subtractor 34. The other input termi 
nal of the adder/subtractor 34 is supplied with data of 
“0” through two registers 35, 36 from an external 
source. The output data from the adder/subtractor 34 is 
supplied to a register 37 whose output data serves as the 
output data of the processing unit 31A. The output 
terminals of the register 30 are connected to two pro 
cessing units 31B, 31C parallel to the processing unit 
31A, the processing units 31B, 31C being identical in 
structure to the processing unit 31A. 
The ?ve output data from the register 29 are supplied 

to a processing unit 39A. In the processing unit 39A, the 
?ve output data from the register 29 are supplied to a 
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S-input data selector 40, which supplies its output data 
through a data processing circuit 41 for multiplying 
input data by 23 to an input terminal of an adder/sub 
tractor 42. The other input terminal of the adder/sub 
tractor 42 is supplied with the output data from the 
processing unit 31A through a register 38. The output 
data from the adder/subtractor 42 is supplied to a regis 
ter 43 whose output data serves as the output data of the 
processing unit 39A. The output data from the process 
ing unit 39A is supplied to the processing unit 31B. The 
output terminals of the register 29 are connected to two 
processing units 39B, 39C parallel to the processing unit 
39A, the processing units 39B, 39C being identical in 
structure to the processing unit 39A. 
The ?ve output data from the integer multiplier 14 

are supplied to a processing unit 44A. In the processing 
unit 44A, the ?ve output data from the integer multi 
plier 14 are supplied to a S-input data selector 45, which 
supplies its output data to an input terminal of an ad 
der/subtractor 46. The other input terminal of the ad 
der/subtractor 46 is supplied with the output data from 
the processing unit 31B. The output data from the ad 
der/subtractor 46 is supplied to a register 47 whose 
output data serves as the output data of the processing 
unit 44A. The output data from the processing unit 44A 
is supplied to the processing unit 39B. The output termi 
nals of the integer multiplier 14 are connected to two 
processing units 44B, 44C parallel to the processing unit 
44A, the processing units 44B, 44C being identical in 
structure to the processing unit 44A. 
The output data from the processing unit 39B is sup 

plied to the processing unit 31C, whose output data is 
supplied to the processing unit 44B. The output data 
from the processing unit 44B is supplied to the process 
ing unit 39C, whose output data is supplied through a 
register 50 to the processing unit 44C. The output data 
from the processing unit 44C is supplied through two 
registers 48, 49 as ?nal output data of the FIR ?lter. The 
processing time required by the circuit arrangement 
shown in FIG. 13 is equal to the processing time of a 
single adder/subtractor. Therefore, the FIR ?lter 
shown in FIG. 13 has a higher processing speed than 
the FIR ?lter shown in FIG. 12. 
The present invention is not limited to the illustrated 

embodiment, but may be applied to a system where 
input data are transmitted as shown in FIGS. 3A 
through 3C. 
Having described preferred embodiments of the in 

vention with reference to the accompanying drawings, 
it is to be understood that the invention is not limited to 
that precise embodiments and that various changes and 
modi?cations could be effected by one skilled in the art 
without departing from the spirit or scope of the inven 
tion as de?ned in the appended claims. 
What is claimed is: 
1. A data processing circuit comprising: 
a ?rst data selector having a ?rst input terminal, a 

second input terminal, a third input terminal, and a 
single output terminal, said ?rst input terminal for 
receiving a low-level signal; 

a second data selector having a ?rst input terminal, a 
second input terminal, a third input terminal, and a 
single output terminal; 

a third data selector having a ?rst input terminal, a 
second input terminal, a third input terminal, and a 
single output terminal, said third input terminal for 
receiving said low-level signal; 
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a ?rst input line connected in common to said second 

input terminal of said ?rst data selector and said 
?rst input terminal of said second data selector; 

a second input line connected in common to said third 
input terminal of said ?rst data selector and said 
second input terminal of said second data selector; 
and 

a third input line connected in common to said third 
input terminal of said second data selector and said 
second input terminal of said third data selector; 

wherein said first, second, and third input lines are 
supplied input data in a time-division multiplexed 
manner, and each of said ?rst, second, and third 
data selectors selects one of the input data supplied 
to said ?rst, second, and third input terminals and 
outputs the selected data through said output ter 
minal. 

2. The data processing circuit as set forth in claim 1, 
further comprising an adder circuit having a ?rst input 
terminal for receiving data from the output terminals of 
said ?rst, second, and third terminals, a second input 
terminal for receiving data from another source, and an 
output terminal for outputting the sum of the data at 
said ?rst input terminal and the data at said second input 
terminal. 

3. The data processing circuit as set forth in claim 1, 
wherein the output terminal of each of the ?rst, second, 
and third data selectors is selectively connected to the 
?rst, second, or third input terminals of said ?rst, sec 
ond, and third data selectors in order to multiply said 
?rst, second, and third input lines by a factor of 2", 
where a is an integer. 

4. The data processing circuit as set forth in claim 1, 
wherein each of said ?rst, second, and third data selec 
tors receives a control signal for selectively connecting 
the output terminal of said data selector to either said 
?rst input terminal, said second input terminal, or to 
said third input terminal. 

5. The data processing circuit as set forth in claim 4, 
wherein said control signal is common to said ?rst, 
second, and third data selectors wherein the output 
terminal will be connected to the same input terminal 
for each of said ?rst, second, and third data selectors. 

6. A data processing circuit comprising: 
a ?rst data selector having a ?rst input terminal, a 

second input terminal, a third input terminal, and a 
single output terminal, said ?rst input terminal for 
receiving a low-level signal; 

a second data selector having a ?rst input terminal, a 
second input terminal, a third input terminal, and a 
single output terminal; 

a third data selector having a ?rst input terminal, a 
second input terminal, a third input terminal, and a 
single output tenninal, 

a ?rst input line connected in common to said second 
input terminal of said ?rst data selector and said 
?rst input terminal of said second data selector; 

a second input line connected in common to said third 
input terminal of said ?rst data selector and said 
second input terminal of said second data selector; 

a third input line connected in common to said third 
input terminal of said second data selector and said 
second input terminal of said third data selector; 
and 

a register connected between said output terminal 
and said third input terminal of said third data 
selector; 
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wherein said ?rst, second, and third input lines are 
supplied input data in a time-division multiplexed 
manner, and each of said ?rst, second, and third 
data selectors selects one of the input data supplied 
to said ?rst, second, and third input terminals and 
outputs the selected data through said output ter 
minal. 

7. The data processing circuit as set forth in claim 6, 
further comprising an adder circuit having a ?rst input 
terminal for receiving data from the output terminals of 
said first, second, and third terminals, a second input 
terminal for receiving data from another source, and an 
output terminal for outputting the sum of the data at 
said ?rst input terminal and the data at said second input 
terminal. 

8. The data processing circuit as set forth in claim 6, 
wherein the output terminal of each of the ?rst, second, 
and third data selectors is selectively connected to the 
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?rst, second, or third input terminals in order to multi 
ply said ?rst, second, and third input lines by a factor of 
2a where a is an integer 

9. The data processing circuit as set forth in claim 6, 
wherein each of said ?rst, second, and third data selec 
tors receives a control signal for selectively connecting 
the output terminal of said data selector to either said 
?rst input terminal, said second input terminal, or to 
said third input terminal. 

10. The data processing circuit as set forth in claim 9, 
wherein said control signal is common to said ?rst, 
second, and third data selectors wherein the output 
terminal will be connected to the same input terminal 
for each of said ?rst, second, and third data selectors. 

11. The data processing circuit as set forth in claim 6, 
wherein said input data on said ?rst, second, and third 
input lines is in two’s complements format. 

* * $ * * 


